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THE INFLUENCE OF POPULATION GROWTH 
ON PER-WORKER INCOME IN DEVELOPED ECONOMIES 


Julian L. Simon* 


INTRODUCTION 

There are two contradictory points of view ae the effect of 
population growth upon per-worker income in rich countries. Classical 
analysis using the standard economic concepts of saving, demand, and 
the production function suggesta that an increment of population reduces 
per-worker income once the nation or combination of nations is large 
enough so there are no important economies of scale, and given full 
Gen loveant and high-plateau life expectancies (see, for example, Malthus, 
1803; UN, 1953, pp. 27-32, 36-39, and references cited therein; Meade, 
1955; Phelps, 1968). But historical examples -- the concurrent explosion 
in Europe of both population and economic development from. 1650 onwards, 
and the failure of France to excel economically despite its low birth 
rate in the past 100 years -- and also contemporary international 
cross-sections, suggest that at least in more-developed countries 


(MDC's), population growth does not hinder and perhaps helps economic 


*I am grateful to Gyani Singh and Israel Luski for programming 
of the model. Mr. Luski also gave me valuable advice in the manipulation 
of the model. I also appreciate’ useful comments on an earlier draft 
by Professors Simon Kuznets and Nathaniel Leff. And I benefited greatly 
.from the comments of the faculty seminar at Tel Aviv University. 
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growth (see Sauvy, 1969; Kuznets, 1967; Easterlin, 1967). Growth in 
knowledge caused by the larger number of people is the main factor that 
has been adduced to explain the discrepancy between the classical 
model and the observed reality (Kuznets, 1960). 

The aim of this paper is to create a framework within which 
the contradiction may be reconciled quantitatively. Knowledge and 
related factors are incorporated into the standard analysis so that 


‘tthe opposing strengths of growth in knowledge and of diminishing returns 


Pas 
. 


May be weighed against each other. Crude estimates are inserted into 
iterative simulations to learn the effect on per-worker income of 
various patterns of population growth under various conditions. Within 
the range of assumed conditions, the effect of a population increase 
generally goes eae negative to positive within 50 to 100 years. It 
must be emphasized, however, that the various models simulated are 
intended only to be illustrative and suggestive, and do not purport to 
represent either the U.S., or any other single country, or the developed 
world as a whole. Also to avoid disappointment, please be warned that 
the central finding results from adding a single element -- the effect 
of populstion size upon productivity -- to a simple classical model, 
within what seem to the writer to be reasonable ranges of the basic 
parameters. The outcome of adding this factor may seem obvious, but I 
‘believe that the elaboration of the models is necessary to make the central 
finding seem persuasive as a description of economic and population 


growth in the more-developed world. 


ee 

ak daword?’ aecoer aT x9298R staer arena ase sia ve) 
add 160063 chai wis at. alguna te: redaua tore. ol . howe. 
{asteaanlo adi neswied conaqozoetb rts miata on. Iarataatati 


-emael “ete, eoblaey bovasade, os ba 


dotde abdatw sasmaest 8 rere) 03 ‘ roqag etd Pai ma ott 4 


47h) Bere 


bre ogbotvend chow ea zanaup belt snows od we pages 
eee \aif 
" Saas. on etey lens bisbasze ‘aes eink bedazoqxoont nis ero3983 


4 “te 


eorrusayt ankfatntath to Poh agbslwoay, an daworg ‘to adiagoorde a ‘0 
. Nei 


‘esa bavchanck: wtn ; aodamtsae ebud” -zaidso oe aentage baigiee » 
to aaeosa.s xextrow~r194 ao “qoallte il ar09 ot ‘enchsn boats ovk: SI : 
abst “sasobstbaos auobtey obi ‘Arwotg wetantugog to ae 
“ pesezoah soba uqog b to spate ada staotabaeg benvens to 
ai: .aEBy 005 og oz ata sviateog a3 avivegen gork oneg rife: 


oe de ay i ‘- 
ae ke e168 beaetuate gtebos euobzav ‘ed anil ‘provenod iBoxbandgms es ® 


es sx0p149 Jom ob boa cavkaaoggue bas evisaxsqualt ad ot vise babe 


# 


) _baqoteved edi x0  aeeewode signte xodi0 une FO a 4 4a xedate 
mane beers od sesalic osmantoqqnath blove o2 paee: wolede ny b 
anette ais ne dinesnke otgate & gatbbn ort galvess gata tax2009 8 


casei leskeento on & Of ~~ yikvtdouborg aoqu vere satiate 
otead ita Yo wogiar oldacousex od 03 teilaw ads of sana jade : ie 

i sud ssuotvdo Rone, ye x0328 alds gitbbe 20 eaoaaua ait _— ns. 
Lersee9 off? ofan od (teasenen Bi aleboa od3 to actamrodats | oils Jadz o Sas 


La 


mitdakvgou ha otmonro2® , te sobiqkzovob oa evkenuntog mea’ sabba 
; sbixow bogatevab-sioa ods at aeeore 


=—35 
The paper may be viewed as an attempt to formalize and quantify* 
Kuznets’ masterful paper (1960). In the formal approach used here many 
of the interesting influences discussed by Kuznets are necessarily left 
out; the reader is therefore referred to that paper for greater richness 
and a more complex view of the matter. It should be noted, however, 
that this paper is not an empirical study. It is, rather, a theoretical 
-exercise in which the simulation technique is used instead of analytic 
methods. This has the disadvantage of less generality than analytic 
methods, because the results hold only for the specific sets of parameters 
the models are run on, and apply only by analogy to other sets of para- 
meters.within the ranges of the simulated sets. That is, unlike analytic 
methods, no results are proven to hold for all cases consistent with the 
basic assumptions. On the other hand, the simulation method has the 
advantage of allowing one to theorize about a much richer and more 
realistic model than analytical methods allow, and with more specificity. 
The context of the paper is near-full employment; when there is 
substantial unemployment, population growth is relatively more favorable 
because.of the positive effect on demand, including the public sector. 
The time horizon is sufficiently short so that possible major changes 


in the natural-resource situation may be disregarded -- perhaps 50 


*",...we have no tested, or even approximate, empirical coefficients 
with which to weight the various positive and negative aspects of 
population growth." (Kuznets, 1960, p. 339) 
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or 150 years. Though the terms of reference are to the United States, 
it would be most appropriate to conduct this analysis for the developed 
world as a whole, because of the scientific and technological inter- 
dependence among the MDC's. 

The aim here is not to determine whether it is worthwhile for 
a society to have more or fewer children. Such a judgment would require 
various difficult assumptions such as the following: (a) A rate at which 
future consumption utility is to be discounted in the present must be 
chosen if a welfare decision is to be made. A very high discount rate 
implies that having no children is best, because the children will become 
producers only long after they are consumers; and a zero discount rate 
makes any meaningful calculation impossible. (b) A welfare decision 
requires that one decide which people are to be considered the members 
of the comity whose welfare is to be maximized. Yor example, should 
one maximize the welfare of only the people alive today, or should one 
also include future peoples' welfare in the objective function? (c) One 
would need to make difficult decisions about what is to be considered 


consumption. For example, which parts of a child's education in the home, 
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street, and school are to be considered investment, and which are to be 
considered consumption by the child, his parents and society? 

The purposes of this paper rather, are these: (1) to understand 
“in the history of industrial nations the influences of population growth 
on income through changes in capital and knowledge; (2) to consider what 
‘the future course of output per worker might be with higher or lower 
birth rates. 
‘ The dependent variable is’ output (or income) per worker,* and 
Slot ‘consumption per capita (or per consumer-equivalent). In the long run 


‘the two measures are much the same. In the short run an increase in 


‘population through an increase in fertility necessarily implies a drop 
Sa consumption per capita even if output per worker remains the same, 
because the total number of workers remains the same while the number of 
people increases. In the household, income is then spread among more 
people. And when population grows faster there is greater public 
consumption of education and other child-raising services,** which 
implies larger taxes and less resources available for private consumption 
and saving. But in the long run ,measures of consumption per capita and 
output per worker will give much the same result, and the focus here is 


*It is not assumed here that per-capita income is the appropriate 
measure of welfare; ‘elsewhere I argue that it is not (Simon, 1970). But 
per-capita income is one of the arguments in almost everyone's welfare 
function. 


*kThe investment aspect of education will be treated later. 
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on the long run. Furthermore, lower per-person consumption need not 
mean lower total utility. In fact, depending on one's social welfare 
function, the same total consumption spread among more people might be 
seen as yielding higher total utility. 

The first section after this introduction gives the demographic 
structures to be analysed. The second section sets forth a simple 
classical analysis to estimate the partial effect of a higher birth rate 
on cone through the capital stock, savings, and labor force. The third 
section describes a way to estimate the partial effect of a higher birth 
rate through the variables not included in the classical model, i-e., 
knowledge, scale effects, and natural resources. In the fourth section 
the two partial approaches are brought into numerical relation with each 
other to weigh the net effect on per-worker income in a ite Me rich 
industrialized country of more or less children being born. 

The symbols used are as follows: 


: A. = level of the economy's productive efficiency as of year t. 


e = elasticity of labor force with respect to children born 
=. = elasticity of the saving ratio, s, with respect to number of chilidrer 
Fy ee number of females of age i as of year t 

> 


H = the stream of increments to productivity caused by an increment 
to knowledge in year t created by a given increment of people 

K. = stock of capital in year t 

i = number of worker-equivalents of age i as of year t 


L. = number of people in the labor force 
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EG= 
M = number of males of age i as of year t 
N. = natural resources available for use in year t 
P_ = total population in year t 
R,_ = the effective labor force; the sum of workers weighed by 
education 
S, = ratio of saving to output 
w = ratio of children 20 and under to adults 21-60 
Y.. = the aggregate outpuf:in year t 
I. THE DEMOGRAPHIC STRUCTURES 
The population and labor-force structures to be compared are as 


follows: The comparison base, structure I, has an exogenous 1% growth 


I I 
ee 1,t 


starting in year t = ~60. In this and in all other population structures 


in the birth-rate each year, i.e., = 1.01F! » and M = 1.01m! a 
1,t-1 1,t- 
infants live until they enter the labor force at age 21, and also through 
the end of their labor-force service at age 60, i.e., ae = Mon t+21 = 
Meo, t+60° and the same for females. The number of males and females of 
each age are equal in this and in all other structures. (All children 
are assumed born on January 1, and up until the end of their first year 


the cohort is labeled G1,))- Adults are assumed not to matter economically 


after age 60. 
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The population in year t=0 in structure I is then 


gee Exo I I I I I 
) F20  “e0,t=0 * *60,e=0 * “5o,em0 + ¥59,cq077° * 1, cn0,t "1, eno 
1 If o Alt I 
Meo,c=0 + Feo,c=o + 1-9 Meo emo + 1-92 Meo. emo 
I 2.1 59.1 
+ 2.01) 765 pag + (1-01) Petree nn Ol) Mao 
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In structure I,in which births increase 1% per year, half the 


women are assumed to work. The Yabor force at time t=0 is then 
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In structure II the population is augmented by a 50% increment 


» ee = II S 
in the birth Rate in just a single year, t=l, i.e., My tel Doe Mi t=0 


50. cm c=" All other cohorts remain the same as in structure I. Hence 
$ 


for the 40 years from t=21 to t=60 there is in structure II a single cohort 
that is roughly 50% larger than its next-aged cohorts, and the labor force 
is larger by that many workers for the 40 year period. This may be seen 
in Figure 1b, which shows the fine detail from Figure la for the first 


thirty years after t=0. 


Figures la and 1b 


In structure III the birth-rate is incremented by 50% over 


structure I in year t=l1, but unlike structure II, the bulge continues in 


each successive year. That is, in structure III, ere = 1.51 uw 
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1,t=0’ 
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and Milene 1.01 cri eae and Mt=3 = 1.01 My t=2? and so on. Hence 
all cohorts from t=+l onwards are more than 50% bigger in structure III 
than in structure I. The resulting labor force may be seen in Figures la 
and 1b. It is worth noting that after an adjustment period the dependency 


ratio, w, is again the same in structure III as in structure I. 


In structure IV the birth-rate rises by 2% a year instead of the 
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1% in structure I, i:e., M 


II. THE CAPITAL AND LABOR-FORCE EFFECTS OF HIGHER FERTILITY 
Assume that the output of a large developed area such as the 
United States or all of the industrialized countries together is a 
Cobb-Douglas function such as 


ee ee 
(3) Y = AK K. Lis 


The Effect Through the Supply of Parents' Labor 

Incremental babies will cause some women to be out of the labor 
force who would otherwise work. From studies of U.S. census data by 
Bowen and Finegan (1969), Cain (1966), and Sweet (1970), together with 
the assumption that each woman will have at least one child, an incrementai 
child is seen to result in a total decrease of .45 of a woman's work 
year, spread over the two years after the child is born. On the other 
hand, an incremental child causes a total increase in .10 of a man work 
year by fathers, spread over 25 years. The calculation for these estimates 


is given in Appendix A. 
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In the simulation runs in which the labor force is to be adjusted 
for the effect of children on the supply of labor, 
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The effect of incremental children on the parents’ labor supply 
will Be shown in the comparisons of. structures II and III to structure I; 
in these cases all conditions are the same up to time t=0, and different 
thereafter as the numbers of births differ. But there seems to be no 
way to compare the labor-force effect of additional children in stable 
populations with different rates of growth, i.e., structure IV versus 
structure I. 

The effect of incremental children on the parents’ labor supply 
is not important, however, as can be seen in even an unrealistically-high 
upper-limit estimate of the effect of incremental children on the economy 
through the parents' labor-force. If the birth-rate is a low 25 per 
thousand and there are a low 400 employed workers per thousand, a doubling 
_in the birth rate would only mean a drop in the labor-force to 
(400 = .45 x 25) = 389, or about 3%, using an estimate of .45 worker- 
years lost per incremental child. Total output would drop even less, 
maybe 2%. Physical saving might then go down by, say (.12 x .02) - .0024 
of total output. The cumulative effect on output of such a change would 


be very small, and clearly it is thoroughly implausible that the birth 
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rate in an MDC might as much as double from any decadal base, say, to 
a plateau twice as high. 
The Effect Through Changes in Private Saving of Physical Capital 

Several kinds of evidence, discussed in Appendix B, are relevant 
for an estimate of the effect of number of children on private saving. 
These include family cross-sections, cross-sections of nations, and 
time-series evidence. One may find support for an estimate higher than 
-1.0, or as low as 0, for the eldsticity of the proportion of income 
saved with respect to a proportional change in family size. Separate 
simulation runs were therefore made with elasticities of -l1, -.5, and 0, 
as follows. The ratio, 
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is computed for each year in each case. For structure I it is .67 for 
each year, and is referred to as W. In other structures the saving ratio 
for each year is 3 calculated as 

= i 


(5) S. = si + Q. ——)where s is the proportion of income saved in 


structure I, and e, is the elasticity of saving with respect to children. 


s 
The Effects of Schooling 

Two aspects of education are relevant. First, more children 
mean higher expenditures on education, which may cut into investment on 


physical capital as well as reducing consumption. Second, if incremental 
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expenditures on schooling are less than proportional to the number of 
incremental children and if there are no economies of scale in education, 
an increased number of children will cause a lower average quality of 
the work force in future years. 

Education is treated in several ways. In the basic model, 
education is ignored completely, and investment in physical capital is 
‘6% in all demographic structures.* In a second model, the level of 
education as measured by expenditures per child per year of school age 
tis fixed and rising at 1% per year, because the annual increase in 
‘average school-leaving age has been of this general magnitude in the 
last half century. In the base year (and also for all other years in 


“structure I) expenditure on education, er 


O00! is 6% (Appendix C gives 


the basis for this estimate). In ali years 
L K 
Ss. = Se + See 
In each year after t=0 the expenditure on education is made a function 


of the number of children 
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s 
where the relationships among the expenditures for various school years, 


ys are fixed according to a crude schedule, e.g., grade 1 = 1, grade 2 


= 1.125 ... grade 9 = 8... The effective labor represented by a worker 


*The corresponding initial capital-output ratio is 3. Runs were 
also made with a savings rate of .12 and K/Y ratio of 4, with much the 
same results. 
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-in any year is the square root of the total amount spent on his schooling 
during his youth.* And the effective labor force in any year, Ri» is 
the sum of the persons of labor-force age weighted by their effective 
labor values 


~1=60 j=20 1 
Be jean yt 426 a,” 
where the subscript j refers to the various years in the past when the 
cohort received its education. Though the following equations show L 
rather than R, the latter should be understood for those models in which 
education is explicitly introduced. 

In a third model, the level of education is not fixed exogenously. 
Rather, the total amount spent on education is made a function of the 


dependency ratio weighted by the relative school-year cost in each cohort 


1=20 i=20 
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where the Roman superscripts refer to demographic structures. This model 
suggests that the standard of education falls if the number of children 
rises. Again, effective labor-force, R, is entered into the production 
function in place of L where called for by the specific model. 


*See Dennison (1969) for relationships between years of schooling 
and earnings, the latter a proxy for individual productivity. I do not 
think that Gintis' recent work (1971) contradicts this relationship 
over time. 
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A more refined model would change the proportions over time of 
each cohort getting education and working. But such a modification 
would not be likely to affect the particular sorts of conclusions this 
paper is intended to provide. 

The effect on saving of the social spending for education and 
other children's services is most unclear. To my knowledge, there is 
no basis on which to estimate either the elasticity of spending on 
schools, or even harder, the extent to which the incremental expenditures 
on schools substitute for other social investment rather than causing 
new tax levies. I shall therefore simply assume that the three private 
peging elasticities being tried will bracket the elasticity that includes 
social as well as individual saving. 
The Effect Through the Increments to the Labor Force 

Now let us move ahead to the time when the incremental children 
enter the work force. If the capital stock does not receive an increment 
proportionally as large as the increment to the work force -- or, 
a fortiori, if the capital stock is even smaller than otherwise due to 
a reduction in saving -~- then per-worker output will be lower than 


otherwise.* 


*If the family and society save enough extra so that average 
capital per worker would be the same with or without the increment of 
children, as may be the case with the Hutterites, per-worker income would 
be the same after the incremental workers entered the work force. But 
this. must occur at a cost of lower per consumer consumption prior to 
the years of labor force entrance. 
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The difference in early years between Yoo the "base output," and 
i the output with the incremental people in the work force, may be calculated 
as follows: 


B B 


Vv 
(6) Y-Y' = AK"L? - AKL + TAL, = BFAL, 
from the rule for the Cobb-Douglas function that the marginal productivity 
of labor equals average productivity multiplied by the coefficient of 
labor (Klein, 1962, p. 94). The difference in per-capita output is then 


easy to figure. In the longer run the "classical" effect of the in- 


rare 
, 


cremental children is given by growth theory. Structures II and III, 

which have the same rate of fertility as structure I except for the 

initial shocks, converge in per-worker income to structure I after a 

period of lower Y/L. Structure IV must have a lower equilibrium rate 

of growth in per-worker income because of the higher fertility rate. 

The above propositions refer to the model in which the effective labor 

force is a function of the number of persons; when education also affects 

the effective labor force, things get more complex. And of course these 
propositions apply only when the rate of technological change is inde- 
pendent of the size of the population; this is not so in the models developed 


here. 


III. KNOWLEDGE, SCALE, AND NATURAL RESOURCES 
The previous section sketched the basic classical approach, which 
suggests that people other than the incremental population would be 
better off in at least the first 20 or 25 years if the incremental children 


were not born. Now we take up the forces that may mitigate or reverse 
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the effect: matural resources, economies of scale, and technical 
knowledge -- or NET for a short-cut acronym. 

To disentangle the three NET factors from each other seems hope- 
less. Rather they must be treated together as a complex, and to doing 
so is a main methodological feature of this paper. To illustrate why 
they must be treated together, consider natural resources first. Natural 
resources might be thought of as‘a third factor of production. 
(7). ¥ =A ae a 
and it would seem reasonable that N. is a negative function of output 


in previous years, perhaps the sum of previous output 


ag t 
(8) oN, ~8CEQY,)- 


Equation (8) is consistent with the static physical point of view that 


natural resources such as coal and oil must diminish over time. But 


the definition of resources by the amount that are “really” in the earth 


is not operational and hence meaningless. What is relevant is that the 
economically meaningful available resources have mostly not decreased 
otiel tame! as Barnett and Morse (1963) have shown. This increase in 
available resources is a function of increasing knowledge, e.g., new 

Ways to prospect for and retrieve oil, new plastic materials to eeneereuee 
for metals, and improved forestry techniques. Seen this way, natural 
rasseeees are not different from physical capital. We may therefore 


think about the stock of available resources at time t as part of the 


capital factor, K, in equation (3), and the future course of the stock 
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of natural resources will be affected by saving and by increase in 
knowledge in the same way as conventionally-defined physical capital. 
Considering economies of scale and technological knowledge, now: 
The two factors conceptually could be separated. One can imagine an 
experiment in which every other person and installation in the United 
States would be removed, holding the stock of knowledge constant, to 
see the effect upon output per worker. But such an experiment is not 
feasible, and the growth of scalé:and of knowledge have been so collinear 
in the past that it is not possible to separate them statistically. 
For this reason, and because of their essential inextricability,* we 
must treat them together.** 
ae For purposes of estimation, one may identify the NET complex 
with the residual left in production-function studies after the effects 
of capital, labor and the amount of education are accounted for. In 
the context of the Cobb-Douglas production function, the residual may 
be seen as changes in A. The problem about whether the increases in 


capital (and labor) should or do reflect improvements due to increased 


*Professor Kuznets emphasized this inextricability in conversation. 


*kDennison's attempt (1967) to get at the effect of scale is useful 
but does not resolve this difficulty, I believe. In passing one might 
note that his estimate of the rate of advance of knowledge alone, is 
"much smaller than the increases in the population..., [which] implies 
a declining per capita contribution to knowledge" (1962, p. 237). In 
the context of this paper, it should be remembered that such advance in 
knowledge is only one of the sources of contribution to the NET complex. 


ee Pees ioe hs ste 

by bi ie! i miner 

_ at paustoat Ww bas punian va bex2atia, od ‘thtw, eanecen tom 

» feadqns Asotnedg bonshobeuttano apis i ee vem on at, 


« fwon “spabolvand Ino taocoase bop stave Xe ‘eetinoncas sinhxn gan09 an . 
ae piigemt ae5 on -boqemgos ad ‘bites Lloutgasion ex odget. wa 


a eee 
basta sift at nohtaltazeat bas sosieg tustdo gos soute me ty 


er) ,agaaesee egbelicd 3 to aooae aul gntbtod- ‘boomer ad uw 90 
, Jom al Jnontiaqxs 18 ova ul <uaanion =0q 209300" nome, soeta : 
tasatlles ae nsad overt _eghoivont Yo bein alase to davory odd Chin Nie die 
' elles Es6isexe. ais nisragea aa. afdteacq rou at ak rad see 

3 aiee nanntoies iatioseee ateda 20! weonood bot aura 

“Ha stedsagod eae 

end Tait eda sttanast wm 200 woksemiyea Yo eovoqayg ot 

. “nape od3 toite eetbusa aoltonu’-noktoubesq ak steb taitsaots 
; al 60% basaucgoe oth noksaoubs to brace asi baa todnt » i 
ee feubieos ad2 enoksoaud nottoubarg 7 Lgued 09 atid, Yo u r a 
3 aghanitoat ads spoitaadin swods modo os i at wana eh 


Hensoxont OF sub aonomayorgnt outers oh. 7 blworte, cone 


er : { 2) 
Nil fit, bs ia 


“estaasaema, nt eiligens freak akdo bohm agen Seianotoate 


Sitoess, ‘at alince to goatte mis 2H) sag 4g (vaen) . Jqmm39a. ‘atwoatnnsdh® 9. 
| tighw ecu’ anieseg: bl. -evekiod I> ysluseai hb: akte avloves. Jon ae ‘a 
Br ,atote-agbelwond Io abagvbs Io otep, odd, ¥ 7 Ad. 
soklont fotdw} ,..otsetugng oft ak as Y, nad? 32, 
nt (YER .g \$aer) “sybslwond oo ao) qudhxaap9 13009 adk@ao, ‘r0q, gabe 
‘ai wonavhs trod gods Sevedmansy a6 bfwode at Rouge etd to 3xod 


xelqmos TAM wis Op eect i 3 ‘Xo, aootves sei ea taba Ui a 


aig 
knowledge is critical here, but we shall merely look the problem in the 
face and then pass rapidly on. One source for an estimate of the growth 
in per-worker output due to the increase in otis Sha scale, 
including the effect of natural resources, is Dennison (1967), who 
estimated the effect of elements roughly comparable to NET. For the 
period 1950-1962 for the U.S., Dennison estimated yearly growth of .76% 
for “advances in knowledge" (which excludes the effect of education on 
the labor force), and .30% for “économies of scale" (1967, p. 298), for 
@ total just over 1%. For Narthwest Europe he estimated .76% for “advances 
in knowledge," .56% for "changes in the lag in the application of 
knowledge, general efficiency, and errors and omissions," and .41% for 
economies of scale" (pp. 287 and 300), for a total of something over 1.5%. 
Solow's estimate for the U.S. for the 40 years from 1909 to 1949 is about 
1.5% per year (1957, p. 316). Solow also adduces, though "not really 


comparable,” an estimate of .75% per year from 1869-1948 by Valavanis-Vail, 
and Schmookler's estimate for 1904-13 to 1929-1938 which (though 
including agriculture) was of similar size to Solow's estimate. The 
model will be run with estimates of .5%, 1.0%, 1.5%, and 2.0%, to bracket 
any likely values. 

The NET element is introduced as follows. If an increment of 
workers increases the work Petae by 5, one would expect that the NET 


residual which would otherwise be .01 would henceforth be (.01 + .01A) 


each year. But an increase in the knowledge component of NET does not 
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result in an instantaneous increase in productivity; rather, the effect 
of much knowledge is substantially lagged. The extent of the lag in 
the application of knowledge is an important empirical question concerning 
which I know of no evidence, though it would seem that the length of the 
lag is decreasing. Let us suppose that the present mean of the lag 
distribution for the NET complex as a whole, for an average cross-section 
of workers, is 5 years. This means that we can date the first increment 
to the productivity residual at 5*years after the incremental workers enter 
the labor force, with an additional increment to productivity in each of 
the following 40 years until five years after they retire. In the 
context of the model, the increase in A from year to year is proportional 
to the size of the labor force. This mechanism is calibrated so that 
the labor force at time t=-5 in structure I produces an X increase in 
A. in year t=0, where X is whichever of .005, .01, .015 or .02 is being 
tried in that run. That is 
AL - ALL 


t 1 


where b is chosen so that | = (1 + X)A. 9 in Case I. The adjustment 
constant b is then used in the other cases. The point to notice here 


is that the NET additions, knowledge and economies of scale, from an 


increment of workers are cumulative. 
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IV. THE SYSTEM AS A WHOLE: A NUMERICAL MODEL 

Before embarking on discussion of the dynamic model, it may be 
-useful to show some static partial computations to illustrate the main 
forces operating. Assume that in the year t=1l, and only in that year, 
the cohort of workers aged 21 is larger than in base case I, and hence 
the work force as a whole is larger than it would otherwise have been. 
Assume also that $ = 2/3 and the base yearly increment due to gains in 
knowledge is 1%. If one Bae TE SEER separately the drop in per-worker 
product due to the NET effect as an equation 9, in the year t=5 -- the 
first year in which this cohort's NET contribution is felt -- the down- 
ward push from the former effect is 32 times the upward push from the 
latter effect. But in year t=6 the drop from the capital effect is 
only. 16 times the rise from the NET effect, because the incremental 
workers have now contributed two NET increments. In the year t=7 the 
ratio is 32 to 3. In less than 32 years the two effects would be roughly 
equal, and product per worker would be about what it would have been if 
the incremental workers had not entered the work force. From then on, 
product per worker is higher than it would otherwise have been. 

Now let us consider, instead of this partial paleniaeiods a 
dynamic model composed of the relationships described earlier in the paper. 
To recapitulate, the equations and the parameter estimates are as follows. 
First the production function, equation 3, where § = .67 and a = .33. 

Next the net investment function, for simplicity a proportion of each 


year's income, where c = .06 (.12 in some runs) 
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(10) K = K «= cY -. 


The model begins in each case with Lio = 1 and K=0 = 1. A._o is set 
at 1/3. Separate runs were made with the savings elasticity at -1.0, 
-.5, and 0, and both with and without the adjustment for the parents' 
labor-force effect. 


The full results for many variations with the basic no-education 


model are shown in Table 1. Summarized selected results from no-education 


. 
ae: 


and education models are shown in Table 2. The rates of growth from 
period to period will not be shown for other than the basic model; these 
“absolute” results were quite unrealistic because they were run with 

the same Cobb-Douglas exponents and other parameters as were used in 

the basic model, and more realistic models would require that these 
parameters be different when education is handled differently. But the 
relative values among the demographic structures can be meaningful, and 
are shown as percentages of the base demographic structure I. Also, 


uu 


only the runs with the “conservative' (i.e., biased-downward) estimates 


of the NET effect will be shown. 


TABLES I and 2 
1. The most important outcome is that under every set of 
conditions, even including all the runs with a base level of AA as low 
as .005, structures III and IV with more rapid population growth came to 
have higher per-worker income than structure I before the end of the 


simulation in year 160. And in every run, structure IV, which reaches 
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Table 1 


Output per Worker, Initial Capital-Qutput Ratio of 3 and Initial Physical Savings 
Rate of .06, Labor Force, Not Adjusted for Parental Effect 
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NOTE: It is only in this model, and only in the high-savings-elasticity runs of this 
model, that Structure II differs from Structure I as much as it does. In the madel that 
is identical except for K/Y = 4 and S = .12, this effect did not occur. The explanation is 


a puzzle, but an unimportant one, and does not seem to suggest any systematic error. 
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Table 2 
Summary of Results of Selected Models 


in all runs, initial = = 3, initial So = (K -O6Y,, and elasticity of 


pa “eo? 7 
saving (e.) = .50. The results shown are per-worker incomes in demographic structures 


II-IV as a proportion of 2 in structure I in the same year. 


Year in whic 
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AA = 1.005A 1.0 9 93 1.06 2.28 | 60-70 
Same except initial AA = 1.01A 0 1.06 
1.37 | 60 
2.74 | 50 


No NET feedback, no allowance for 
_*veation, AA = 1.01 throughout 


NET feedback, level of education a0 
fixed exogenously and expenditures III {1.0 70-80 
on education a function of number’ IV /|1.0 80 
of children, 
K L 
c.=-5, + SF PS Y = £(R), 
A= £(L), initial AA = 1.005A 
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I pie 50-60 
NET feedback, level of education II {1.0 } 1. 
an inverse function of dependency III |1.0 90-100 
ratio weighted by relative school- IV (1.0 100-110 
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291 - 
a labor force (in millions, say) of 23,769 in year t=160, has a higher 
per-worker income than structure III, which reaches a total labor force 
of 7,346 in t=160. (For comparison, the labor force for structure I in 
year 160 is 4,913. In all structures the labor force is 1000 in year t=0.) 
These results may be compared with the classical growth-theory results 
seen in the third block in Table 2. 

The mainspring that produces higher per-worker income with higher 
population is, of course, the element that makes the rate of change in 
the productivity coefficient a function of the number of persons in the 
work force. One might argue that this function would in the foreseeable 
future be even less than .005,or negative. But there seems to be no 
warrant for this argument in conventional studies of growth of national 
production using the GNP concept. 

The higher the base rate of productivity change, the greater must 
be the relative final advantage of the cases of faster population growth, 
and the sooner the high-population-growth cases overtake the base case. 
And one sees that in run 1 (Table 1) of the no-education nodel which 
has the base A equal to 1.005 and elasticity of savings of -1.0, 
structure III overtakes structure I between periods 60 and 70 and 
structure IV does the same. In otherwise-~similar run 4 where the base A 
is 1.02, structure III dudreaies eitnceute I in period 50, and structure 
IV overtakes it between period 30 and 40. 

2. The effect of incremental children on savings can have sub- 


Stantial impact on the results in structure IV. In the no~education 
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model with Ss. = .12 and K/Y = 4 (results not shown) by year 160, the 
comparison of the ~1.0 savings elasticity with the zero elasticity shows 
such ratios as 3.65/4.42, 8.94/10.94, 15.59/18.93, and 23.36/28.38, all 
a bit over 4/5. The -0.5 elasticity produced results roughly in between 
the zero elasticity and the -1.0 elasticity. For structure III, however, 
the savings effect is very small relative to the differences in Y/L 
between structure III and structure I. On the other hand, the effect 

is less when Ss. = .06, as may be expected. 

3. As seen in the comparison of structure III with structure I 
in: the runs with and without the labor-force adjustment, the effect 
through the parents’ labor supply of incremental children after the 
first child is quite insignificant, just as preliminary calculations had 
suggested they would be. In no case was the relationship between struc- 
tures I and III as much as a quarter of a percent different in year 160 
between the runs that were and were not adjusted for the parents'-labor- 
force effect. Hence only the runs without the parents'-labor-force 
effect are shown. 

4. The time required for ¥/L in structures III and IV to over- 
take Y/L in structure I is generally longer in models where expenditures 
on education affect physical saving, even where education positively 
influences both R. and AL. But chis is not invariably true, especially 
for structure IV where the labor force always has a younger average age 
and hence may have a higher average education than in structure I, 


because of the secular growth in education. 
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V. SUMMARY AND DISCUSSION 

1. Increases in productivity as a result of increased scale 
and of knowledge caused by increases in population were added to a 
simple classical model of an MDC. Under assumptions about the parameters 
that I hope are reasonable, demographic structures with larger rates of 
population growth, after initially falling behind in per capita income, 
usually overtake structures with lower rates of population growth in. 
much less than a century, less than half a century in some cases. This 
outcome is a step toward quantifying Kuznets' reasoning about the role 
of knowledge in modern economic growth. 

2. No distinction has been made between market-induced and 
market-autonomous productivity increases. One reason is that the variation 
explained by economic incentives that induce innovation is much greater 
within a given industry than within a society as a whole; the reward 
structure has more influence on whether an inventor works on airplanes 
instead of railroads than it does on whether he innovates or does not 
innovate at all, it would seem. Another reason is that the incentives 
are endogenous, and hence are most easily treated as innards of the black 
box that is considered here only in its over-all shape and behavior. 

3. Some persons will criticize this formulation of the NET 
effect on the grounds that the past rate ot increase in knowledge, 
economies of scale, and productivity may not continue in the future. 


Perhaps. But, even if so, this formulation should add to our understanding 
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of the growth of population and per capita income in the past history 

of the U.S. and Western Europe. And for at least a short period in the 
future it does not seem unreasonable to project the long term trend of 
iie*aast. Farther into the future we must bring other arguments to bear 
to help us decide whether the growth of productivity will be faster or 
Slower than in the past. The same criticism may also be made about 
Natural resources in the PHicurelteten the same response. 

Some writers have argued that there are already diseconomies of 
scale operating, pointing out that traffic jams and other congestion 
phenomena increase at a faster rate than the number of people involved. 
Whatever the truth about the effects of scale in various separate aspects 
of the economy, it seems to me that the overall measure of the NET, the 
increase in productivity, is the most meaningful economic measure. 

4. The physical capital-output ratio is falling over time in 
the U.S., due to the shift to tertiary activities and to the discovery 
of better ways to make capital equipment. But om the other hand, the 
social cost of schooling will rise in the future. So on balance one 
does not know whether the social cost of an incremental labor-force 
entrant will fall or rise in the future, relative to his earnings. 

5. The difference in effects of population increase in less- 
developed and more-developed countries comes out sharply in this analysis. 
Productivity per worker does not grow much from year to year in many 
LDC's, and hence the residual is small. This implies that an increase 


in workers will not increase productivity per worker through an increase 
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in knowledge. This conclusion is made even stronger by the fact that 
a considerable portion of the increase in knowledge operative in LDC 
productivity occurs outside any LDC, and is rather independent of the 
size of the LDC work force. _ 
6. The dependent variable in this work has been output per 
-worker measured in conventional national~income terms. If such amenities 
as space and purity of the environment were included in the measurement, 
_the results might be different. “(Please note, however, that the effect 
of added population on some amenities, such as variety, may be positive.) 
Perhaps the most reasonable way to handle the problem would be to deduct 
. for the hypothesized costs of maintaining a constant level of such 
amenities. But this is quite beyond scientific capability at the moment. 
There is no reason to believe, however, that such an addition to the 
reckoning would change the relative results of population growth, because 
there is no reason to believe that at any given point in time there was 
- or will be a reversal or major change in the trend of the effect of added 


_ population on such matters as space and pollution. 


SR li: vl wm 
? ' ry! 


atedd owt wuld ed aaysosaa wore ahve ‘sf aotsul 


an 


aa ak ovkaarage sabetinnd ak pas % che 
ods te aenboonsbat ‘aaa. ‘a bes a0, i. ‘ebtesus, pao. 


hilo nay guetta ay eee ae Se 
- ‘ie sugavo good wad hdl ans a sere Sears: 


pie dtd 
oo ts meen owe i 42m 


aroma 7 eeaset as ak bobu Lond aiztew scence aes Jo. obug bas oqe 
jos2is ada. tnd ezpyowor yaton sasolsy “inezadte 24 adgia ives 


nie 


ERROR: od eens aubaey as, dove csekttnese, saws, a6 gokalugog b 
soubse 4, od. bivaw mol doxg ody sibaaal 2. ‘ean akdeaoeses 200 on 
dave. 20. Lovee. InaganoD’ #. axintasaien Ve, A499 ‘bostnodjoqud 48 
nomen oko 78 “abiidagns abidonaioe broved naive ab ahda ua an : 
si al wots bbs: me dowe jest Teyowed., wvatiod oy ‘domes om 


e 


mune glawortg aol ontvang bs aa Lune ols alan watt sande blvew 3 
“i ~ 
apy prada emis ot sokeq aevite eae 3a suid ‘wrmdtod od noaher, on om 
bebbs to jue3%9 ada to baer ail at enn sola, 0 earoves M, of 


,oat suo bne shoe te proz3ha dun m3 


i. ee ny 


Mi 
riy 


Appendix A 


ESTIMATE OF THE EFFECT OF INCREMENTAL CHILDREN ON LABOR 


SUPPLIED BY MOTHER AND FATHER 


First let us consider the effect of incremental children on the work 
supplied outside the home by the mother. The basis is the body of work on 
the U.S. Census of 1960 by Bowen and Finegan (1969), Cain (1966), and Sweet 
(1970). The effect is greater in the years right after the children are born. 
By the time children are 12, een is no observed difference between the labor- 
force participation of the incremental mothers and of matching women who did 
not have the incremental births ~ due surely to a trade-off between the labor- 
increasing effect of a greater "need" for money, and a labor-reducing effect 
of the continued need for care by the child. There may also be a negative 
effect from decay of the woman's skills while she is out of the labor force 
for one more baby. 

To obtain an order~-of-magnitude estimate for use here, assume that each 
woman will have at least one child in any case, and that each incremental 
baby means that the mother will for two years more than otherwise have a¢hild 
under twelve. Hence for two years less than otherwise she will have no child 
under 12, the child's age at which labor-force participation ceases to be much 
affected by the presence of the child. This means for each incremental child 
two years ey ee force participation at, say, 15% rather than the same two 
years at say, 42% labor-force participation (Sweet, 1968, p. 99). About 2/3 
of all women who work are full-time workers, and we shall assume part-time 
workers work half-time. Rough calculations then suggest that an incemental 


baby results in an over-all loss of 2(.42 - 15) (2) = .45 years of work, or 
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-225 of a worker "lost" to the work force in each of the two years after an 
incremental baby is born. 

Another approach is to figure that women with children under 6 work an 
average of 5.6 hours, whereas women with no children under 18 work an average 
of 15.5 hours (Sweet, 1968, p. 130). This suggests a loss of a total of 10 
hours' work a week for two years, or again 2 x ie = .45 years of work. 

The over-all effect computed here may seem to be small. If this is so 
it is largely due to the aeeungtien ~- reasonable, in my judgment, given the 
present incidence and trend of childlessness in the United States - that women 
will have at least one child. There is a very big difference in the propensity 
to dae of women with no and some children, and much less difference among 
propensities to work of women with different positive parities. And even 
this estimate probably is biased upwards, because some women choose to have 
more children on account of an already-made decision not to work rather than 
vice versa. If so, it is wrong to interpret the observed difference in labor- 
force participation as completely caused by the number of children. Sill 
another reason why the true net negative effect of children on women's work 
is probably less than the estimate of .45 work years per child is that women 
who work often employ substitutes to do mate domestic chores. 

Now we move from the mother to the father. The positive labor-force 
effect of additional children on men, and also perhaps on some groups of women 
whose children are 12 or over, receives less emphasis than the negative effect 
on women, perhaps because the linkage seems less mechanical and more psychological, 
being a shift in preferences concerning work. Yet Bowen and Finegan's work on 


labor force participation is shot through with examples of "need" increasing 


labor supply, e.g., the strong effect of husband's income on wife's propensity 
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to work. Another exampleof the effect of changed need is Clark's finding 

that the greater the war damage a country suffered in World War II, the higher 
its rate of saving after the war (1967, p. 268). The fuzziness of the phenomena 
that cause a positive effect here should not lead us to downgrade their 
importance. . 

From the 1/1000 1960 US Census tape I regressed men's hours worked per 
week on the number of children men have, holding constant with sub-classification 
and multiple regression the mens’ education, race, age, occupation and residence 
area. For white men an additional child is associated with approximately .2 
additional hours of work per week. If one assumes a 44 hour week and 25 years 
of work after the incremental baby is born, then = x 25 %.10 additional work 
years result per child. This must be an understatement of the effect, however, 
because of the bias introduced by the error in the dependent variable. The 
error in the male-hours-worked estimate due to the variation from week to week 
in hours worked must be considerable, which would cause the regression co- 
efficient to be biased downwards. 

Other relevant evidence comes from moonlighting. According to Guthrie's 
summary of the literature (1966), during the years when men have young children - 
between the ages of 24-44 ~ the rate of moonlighting is relatively higher. 

And the incidence of moonlighting among a sample of army men is strongly 
affected by the number of children they have. Crude calculations on that 
data indicate that an extra child is associated with an increase of about 
1/400 in the amount of moonlighting work done each year by the child's father, 
or about a tenth of an hour per week on the average. (It is also relevant 
that almost three times as many moonlight jobs than regular jobs are self- 


employment. Such enterprise must be good for any economy and society.) 
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Despite the above additions and qualifications, the model uses the 
"conservative" estimate derived from the 1960 Census data tape of .2 hours per 
week more male labor per additional child for 22 years after the child's birth, 


or a total of .10 additional work years per child. 


To summarize,)the loss in women's labor is a total of .45 years and 


the gain in men's labor is .10 years, a difference 
of .35 man years. However, the losses through the mothers occur at an earlier 
time than do the gains through the fathers. Hence the net loss (if the 
estimates are right) is greater than the difference of .35 man-years suggests. 
As seen in Equation 4, the parents'-labor-force effect is introduced as 
follows. By the reasoning given earlier, for each baby born, .225 of a worker 
is lost to the work-force for each of two years. Therefore, .225 of a worker 
is removed from the model's labor force in the first and second pears of each 
ineremental child's life.* Each father is estimated to offer .25% more work 
per incremental child, or an increase of .0025 of a worker, and hence that 


much work is added in each of 25 years following the incremental child's birth. 


* the labor force in Case I, year t=0, is assumed to be composed of 66% men 2~* 
34% women. 
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Appendix B 
ESTIMATES OF THE EFFECT OF INCREMENTAL CHILDREN 
ON FAMILY SAVING AS A PROPORTION OF INCOME 


1. Family Budget Surveys. 


Budget surveys over a cross-section of families are one source of 
evidence. Typically, families are classified by income; within each income 
bracket, family size is the independent variable and savings the dependent 
variable. Brady (1956, reviewed in Coale, 1960) examined six surveys over 
sixty years in the U.S. She concluded that the elasticity of consumption 
with respect to family size is 1/6. If one assumes that the marginal 
propensity to consume is .88, her finding translates into an elasticity of 
-1.2 for saving.* 

Eizenga allowed for the effect of age and income with a technique 
of "multiple standardization" before estimating the effects of family size 
on savings from family cross-section data. He estimated that in 1950 savings 
would have been about $31 less if the family had 5 children rather than 4, and 
about $50 less for the average family with 6, 7, 8 or more children than for 
the family with 4 children (1961, p. 90). Relative to per-family income in 
that year, these amounts do not seem large, from any point of view. These 
estimates may be biased downwards, however, because of the nature of the sample 


(the Consumer Expenditure Study of 1950).** 


*That is, if a 6% increase in family size produces a 1% increase in consumption 
ae to .89, the reduction in saving is 1/12 or about 8%, and elasticit; 
is 8%/6%. 


**Consumer surveys must also contain an upward bias because they customarily omit 
- gocial security which - like pension-fund saving - is fixed outside the family 
independently of the family size. 
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Appendix B.2. 


There are several reasons why the relationship between family size and 
saving observed in budget surveys may not be causal or meaningful for purposes 
here: 

a) There is a statistical reason to believe that the observed relationship 
between family size and saving is not causal. Consider now the relationship 
between income and family size. In heterogeneous groupings such as the US or 
another country as a whole, the relationship is inverse. And the relationship 
between current income and proportion saved is positive (e.g., Friedman,1957). 
Therefore, the simple correlation between family size and proportion saved almost 
inevitably is negative. 

But within a much more homogeneous group of people, e.g., a group 
defined by income, occupation, urbanity offresidence, and age, the relationship - 
a much more "partial" one than in the heterogeneous case - between income and 
fertility is observed to be positive.” Would it not be reasonable, then, to 
expect the negative relationship between family size and saving to disappear, 
and perhaps a positive (but also non-causally interpretable) correlation also 


ee) 
ce 
go} 


to appear in such a group? And it certainly seems reasonable that the approp» | 
context in which to think about the effect of children on family size is the 
homogeneous group ~ that is, with all else held equal ~-because it is rather 
unlikely that number of children is an important causal antecedent to changes 
in homogeneity of groups with respect to education, age, and so on. 

b) If more children cause higher absolute income - as they may after the 
first few years after a birth, as the father's labor effect dominates - the 


proportion saved in the budget cross-section is biased upward. 


*For the US see Ruggles and Ruggles, 1960; Simon, 1969; Willis, 1969. 
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c) Within cultural groups there may be something analozous to the 
"common set of factors residing in the political and social institutions 
of a country and in the views governing the behavior of its inhabitants 
that] determines both the economic performance and its demographic patterns" 
(Kuznets, 1965, p. 29). To the extent that this is so, one should not interpret 
the observed relationship between family size and the savings ratio as a 
causal relationship. 

d) Budget surveys are unlikely to capture the effect of the birth rate 
on business investment, either by.family entrepreneurs or by incorporated 
businesses. The increase in total output due to the incremental future 


workers raises the expected return on investment, and hence brings some invest- 


ment projections above where the cut-off would otherwise be. 


Cross-National Comparisons 
In a cross-section comparison of countries, Leff (1969) found the 


elasticity of saving with respect to dependent children to be - .43 in MDC's, 
when controlling for per capita income and other variables. Lleff's method 

is unexceptionable in itself. But it is well to keep in mind the contradictory 
results obtained by the several international multivariate cross-section 
Studies of a related matter, the connection of income and family size. 

Some studies have found a negative coefficient (Russett et al., 1964; Adelman 
and Morris, 1966; Rao and Dey, 1968), others a positive coefficient 

(Weintraub, 1962; Adelman, 1963; Heer, 1966; Friedlander and Silver, 1967). 
Hence any single study of this sort should be treated with caution. 


Long-run Time-Series Evidence 


The notion of an inverse savings-family size relationship receives 


no support from the observed sharp decrease in family size in the U.S. in 
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the last 100 or 50 years, without secular increase in the proportion of saving 
to income. But because so many other things also changed during that period 
of time, it would be most unwise to interpret these data as showing that fewer 
children produce less saving. 

In historical perspective, too, one might expect the relationship of 
Savings to family size to change as a country becomes more modern. New needs 
for saving arise and oid substitutes for personal saving disappear. Contemporary 
middle-class families feel a strong need to save for the college educations of 
their children, and an increase in offspring might increase saving on this 
account; casual support is provided by the behavior of life insurance salesmen, 
who descend upon families after marriages and births. Furthermore, the 
additional children are not thought of as reducing the parents' need for 
retirement saving, as in pre~modern times. These are two strong reasons to 
expect the savings-family size relationship to be more positive in richer, 


more modern economies than in poorer situations. 


Other Considerations 
The aspect of savings behavior in connection with population which has 


caught the interest of most theorists (e.g., Cassell, 1932" }helps, 1969; 
Kuznets, 1960; Meade, 1955; Modigliani, 1965; and Phelps, 1969) has been the 
life-cycle effect. If a population's earners are relatively young, on the 
average they will save more than an older population because saving takes place 
earlier in life than does dissaving. But one should not interpret this 
phenomenon as suggesting that an increase in fertility will increase Saving, 
because this comparison omits the possible effect of the pre-labor-force years 


on saving behavior. At the level of aggregation used in growth theory it 
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would be extremely difficult to relate saving to the effect of an incremental 
birth. Furthermore, this sort of analysis deals in proportions rather than 
in total savings, which are of interest here. Hence I think this life-cycle 
aggregate analysis is not fruitful. here.” 

An increase in family size may actually increase total saving in some 
cases. An example: The Hutterites of North America who live communally in 
colonies “do not believe in practicing birth control, and so they continue to 
increase and thus to create the need for additional colony sites. The colonies 
need more and more cash in order -to buy more and more land. This reduces the 
amount of cash available for other things...Young colonies starting out, or any 
colony unable to realize the levels of productivity needed for saving, will be 
helped by others" (Bennett, 1967, pp. 164-165). 

In general the theory of consumption and savings is most complex and 
unsettled at present. One cannot say with much certainty what will be the 
effect of an increase in income of any sort (e.g., short-run, long-run, windfall) 
on saving and consumption. And in particular the relationship of family size 
to saving must be even more complex and unsettled than consumption theory in 


general. 


*For the same reason, Clark's finding across a sample of countries of no 
relationship between population growth and the savings ratio, holding per 
capita income constant (1967, p. 268) is not helpful for our purposes here. 
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Appendix C 
ESTIMATE OF THE SFFECT OF INCREMENTAL CHILDREN ON 


SOCIAL EXPENDITURE 


Schooling is the only social expenditure considered here. The 
bases for the estimate of the effect of children on public schooling costs 
are as follows: (a) Expenditure on education is 4.6% of US national 
income (Harbison and Myers, 1969, p. 41); (b) A quarter of the population 
is in school, 18.4% of the population being in the 5-14 age group (ibid); 
(c) In 1968, $623 per year was spent by public schools per student year 
(Statistical Abstract, 1969, p. 102); (d) $6,856 average year-round male 
earnings in 1966 (Statistical Abstract, 1969, p. 233). This estimate 
excludes foregone earnings, on-the-job training costs, etc.; (e) A high-side 
inclusive estimate of US education plus training costs is 12.9% of adjusted 
GNP, by Machlup (Harbison and Myers, 1964, p. 28n). 

How much of children's education expenditures should be considered as 


consumption is a matter not considered here. 
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